Y it t o r i a n o W a g n e r , E m il io B e r r a , and Sa n d r o F o r c h e r i Materials Dept., Thermochemistry Service, C.C.R. EURATOM, Petten N.H. (The Netherlands) (Z. Naturforschg. 24 a, 887-891 [1969J ; received 13 September 1968) The electrical perturbation induced by the simultaneous presence of two different cations near the anion (which is the frame of reference) is indicated as main factor influencing the internal mobilities in dilute solutions of monovalent nitrates in NaNOs .
In a systematic investigation of the effect on the conductivity, of small additions of foreign sulphates to molten Li2S04, K v is t found that the decrease of the conductivity is greater the greater is the size of the foreign cation 1.
We have extended this type of measurements to nitrate systems, in order to find possible correlations with the anion polarization.
Results
A series of measurements of the specific conduc tivity, x, as function of the temperature T, °C, of solutions of NaN03 "doped" with small quantities of K N 0 3 , RbN 03 , CsN03 , AgN03 , T1N03 is sum marized in Table 1 .
Literature data for the molar volumes of T1N03 3, A gN 03 4, NaN 03, KNOg , RbNOg and CsNOg 5 were employed to compute the equivalent conductivities.
The straight lines corresponding to the equivalent conductivity of each binary dilute solution calculat ed by conventional methods are reported in Table 2 .
In binary systems of the type (Ma -Mb) • R, where Ma = Na+ and Mb = Ag+ , K + , TP, Rb+ and Cs+ , the dependency of the equivalent conductivity on the concentration, X b (mole fraction of Mb R) is
A / J = ua + (uh -Ua)' X h
( 1) where ua and , the internal mobilities of Ma and Mb , are both functions of X^ . By expansion of Eq.
(1), in the linear approximation, the equivalent con ductivity A of a dilute solution of MbN 0 3 in NaN03 3 V . W a g n e r a n d S. where -4xaNO, = ( " a) xb=o = equivalent conducti vity of pure NaN 03 .
As previously reported 3, the polarization energy 6
where aan = anionic polarizability and F, the net electrical force acting on the anion, is
where Aa , / b = anionic radius + cationic radius of M a and Mb respectively. For nitrate systems the relationship (5) may be conveniently substituted by 7 f '« ( l / r P -l / P P ) -F ( 'p)
where Va and Vy) are the molar volumes of the two pure salts respectively.
The value of F (% ) calculated by the reported mo lar volume data are given in Table 3 . In order to check the linear correspondance between the two formulations also F{P) values were calculated and compared with the F(p) values (see Fig. 2 ).
The ionic radii employed for calculating Ffp) are reported in ref. 
Discussion
According to F r e n k e l 9 in a binary system with a common cation M, of the type M-(RP -R q), where X p and X j = 1 -X p are the molar fractions of the two salts, the activation energy AE for the migration of M with respect to the nearest neighbour anions R p and R f, , is the weighed sum of the energies in volved in the pure M RP and M Rq salts, AEP and AEq respectively, i. e.:
In systems with a common anion, as those con sidered in this work, each carrier is surrounded by the same n. n. (the anions) in the pure state and in the mixture. Therefore, if the activation energy for the internal mobility is due to the interactions with the anions, and if the simultaneous presence of different cations does not introduce new energetic terms, the AE term is constant in the mixtures. On the contrary, if the anion becomes polarized, a vari ation of AE in the mixture is to be expected, follow ing the polarization direction. Because each cation Ma in a mixture (Ma -Mb) R participates in some polarized and unpolarized triplet (Ma-R-Mb and Ma-R*Ma respectively), by analogy with Eq. (7) the actual value for AE is assumed to be the weigh ed sum:^a
where = activation energy for the Ma-R-Ma tri plet, AE& + AWa = id, for the Ma-R-Mb triplet and 
AW& = polarization contribution (i §= 0 depending on the polarization direction).
The mean cation (drift) mobility, neglecting the dependence of AE& j m;x on temperature due to the thermal expansion, is 10:
where AEa-m;x is given by Eq. (9) and u = e a2 vjk T with e = electronic charge, a = distance between ad jacent potential energy minima ( ~ the N 0 3~ dia meter) , v = "lattice-like" anion-cation vibration fre quency (~ 1013 sec-1) u . All the parameters of u , except v, are concentration independent terms. How ever, v, a mass dependent term, does not vary con siderably with compositionn . Consequently u is expected to be rather insensitive towards changes of the composition, if AW & Ah ^ R T 12. Under these conditions from Eq. (10) we have:
Because of the Eq. (11) an increase of -(d ;^)Y -n proportional to the activation energy excess AWa is demanded. On the other hand, as we suppose
we have, at constant T, and in dilute solution (re membering that a indicates Na) :
The experimental results reported in Fig. 3 can be interpreted at least on a qualitative basis, by means of the linear relationships (12) could be temptatively explained in the same frame work 16. As a further remark one must point out that the most striking effects are observed when A Wa > R T (where a is the lighter cation). In this case both AEa^ mix and ua are strongly affected (in the opposite sense) by changes of the composition. This is elucidated by the (Li -K) -C1 system 17 and by (Li -K) 2'S 0 4 18, even if for this last system the AEa< m;x values are lacking. If AW& < R T, as in the case of (Na -Rb) ' N 0 3, one must expect a weaker dependence of the mobilities 3 > 19 and AEa, mjx 20 on the composition21. It is noteworthy that H afn e r and N ach trie b in N.M.R. studies on halide binary systems, interpreted the chemical shift changes in mixture in terms of a polarizing field F acting on the anion, given by 22-23
corresponding to the first term in Eq. (5) 
where the alphabetic subscripts refer to the cationic species and the numerical ones to the respective mole fraction (see Fig. 3, ref. 3) . 
If the negative deviation
The most serious limitation of the present treatment is inherent in the simplicity of the assumptions and in particular in the tacit supposition that in the whole concentration range only one phenomenon (the polarization) is predominant23.
We are greatly indebted to Prof. A. K l e m m for some important suggestions during the development of this work. -Thanks are due to Prof. P. C a m a g n i (Solid State Physics -C.C.R. EURATOM -Ispra) for many helpful discussions.
ducing the NO;j~ mobility, increases the viscosity. Visco sity data are available only for (NaNO;i -R bN 03) 28 and (NaN03 -TINO3) 29. Effectively, in the first case, after the Rb+ introduction, we observe a viscosity increase while for the latter case the contrary is observed. 26 See ref.9, p. 441.
